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Abstract 
Gas explosion is likely to become a new type of attack aimed at underground spaces by terrorists. In this paper, as an example for 
methane-air gaseous mixture, distribution characteristics of shock wave, flame, temperature field and toxic gaseous products generated 
from gas explosion in a long straight laneway were analyzed. Along the increasing axial distance, shock wave overpressure increases in 
original flammable gas area but decreases beyond the original gas area. Range of flame exceeds the original gas area. Flame accelerates 
continually in the original gas area but decelerates beyond the original gas area. The temperature attenuates slowly along the increasing 
distance in the flame area by virtue of flame front, but attenuates quickly along the increasing distance beyond the flame region. High 
temperature hazard involves farther area beyond the original gas area. 
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1. Introduction 
Subway, underground civil defense fortifications and other underground constructions are applied abroad in modern 
cities. Based on high crowd density and using efficiency, these underground constructions are likely to be attacked by 
terrorists. Terrorists usually adopt ‘explosion’ attacks aimed at underground spaces. Based on small volume, high energy 
and easy ignition, the traditional condensed explosive becomes main explosion source.  
Gas explosion usually occurs in coal mines and chemical industries, and induce serious casualty, economic loss and bad 
negative influence for society. There are obvious differences between physical mechanism and hazard effects of condensed 
and gas explosives. Condensed explosive belongs to point-source explosion. After ignition, the detonation state is occurred 
and all of energy is released for a moment of ignition. External conditions, such as environmental factors and restrictions, 
take a weak influence on the explosion process. Gas explosion is a kind of volume explosion, in which various external 
conditions are likely to take great influence on this explosion process. For example, obstacles, especially multiple obstacles, 
may induce flame acceleration and shockwave increase [1-3]. Meanwhile, gas explosive is prone to be compressed, carried 
and ignited. Many kinds of flammable gas is invisible. Additionally, gas explosion can induce various hazardous effects, 
such shockwave, high temperature and toxic gaseous products. Therefore, for confined underground spaces, gas explosive 
may become a new type of attack by terrorists. 
Long straight laneway with larger length-diameter ratio is a primary part of underground spaces. In order to effectively 
prevent loss from attack of gas explosion, in this paper, some actions of shock wave, flame and temperature field from gas 
explosion in long straight laneway was discussed and analyzed. 
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2. Hazardous factors from gas explosion 
2.1. Shock wave 
Shock wave is one of the most main hazard factors in the gas explosion. Based on clear physical mechanism and mature 
test technology, shock wave generated from condensed explosive has been studied abroad [4-7]. Peak overpressure of 
shockwave generated from condensed explosive decreases with the increasing distance. However, propagation laws of 
shock wave from gas explosion in laneways are still not confirmed by virtue of various initial and boundary conditions.  
A gas explosion process contains a developing process and a attenuation process. Fig. 1 shows the peak overpressure of 
shock wave versus axial distance generated from methane-air explosion in a straight laneway by CFD numerical simulation 
[8]. The straight laneway assumed with 6 m2 cross section area and 1000 m length was studied. One end was assumed to be 
closed, while the other was open. The original geometry of the premixed methane-air mixture is 100 m long in one side of 
the closed end. The volume was assumed as being filled with a premixed methane-air mixture, containing 10.1% methane. 
A weak hemispherical ignition was placed near the closed end of the laneway.  
In original methane-air area, the peak overpressure increases along the increasing axial distance under the action of flame 
acceleration. The maximum value of peak overpressure exceeds 1.0 MPa in this area. The peak overpressure decreases 
along the increasing axial distance beyond the original methane-air area. Additionally, despite of not high peak overpressure, 
the shockwave induced by gas explosion attenuates slowly along with increasing distance. 
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Fig. 1. Peak overpressure versus axial distance from gas explosive 
2.2. Flame 
The peak temperature of flame front usually exceeds 2000 K. With the development of gas explosion, the flame 
accelerates firstly, decelerates later and is equal to zero last.  
 
Table 1. Average flame speeds in different areas 
Area 0 m-1 m 1 m-100 m 100 m-200 m 
Average flame speed/m·s-1 3.41 800.53 465.12 
 
Combined with the above simulated example, the average flame speeds in different areas are shown in Table 1. Near the 
ignition source, the average flame speed is very low. According to the above statements and Fig. 1, the peak overpressure of 
shock wave rises along the flame acceleration. In the range of 100 m axial distance, the average flame speed is about 800 
m/s. The shock wave induces diffusion and migration of methane-air mixture in front of flame. Methane-air premixed 
mixture with lower concentration or non-premixed mixture is likely to form beyond the original methane-air area. The flame 
still exists but has an obvious decrease beyond original methane-air area, According to calculation results, the flame range is 
about 250 m.  
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2.3. High-temperature flow 
Peak temperature versus axial distance is shown in Fig. 2. The temperature field was divided into three domains by two 
dashed lines. The three domains are original methane-air area, flame area beyond original methane-air area and the area 
without flame, respectively. In the first area, peak temperature is a approximate level line by virtue of flame acceleration. In 
the second area, peak temperature decreases slowly along the increasing axial distance based on weak flame. In the third 
area, the flame doesn’t exist and the peak temperature decreases quickly. The peak temperature at the distance of 600 m 
from ignition is about 500 K, which demonstrates that the high-temperature flow beyond the flame can arrive at very far 
location. Therefore, high temperature hazard is not only harmful to the original methane-air area, but also involves farther 
area. 
 
 
Fig. 2. Peak temperature versus axial distance 
2.4. Toxic gaseous products 
Generally speaking, gas explosion bring out a great deal of toxic gaseous products, such as CO produced by 
hydrocarbon-air explosion. These gaseous products diffuse slowly in underground constructions when the explosion 
destroys ventilation system. Therefore, the toxic gas usually induces poisoning and asphyxiation. At present, the diffusion 
laws of toxic gaseous products from gas explosion are ambiguous limited to present experimental technology. For example, 
the existing CO concentration sensors cannot catch unsteady change process gas concentration with time. The 
corresponding studies need deep investigation. 
3. Conclusions 
For condensed explosive, high-temperature hazard is not obvious. However, flame and high-temperature hazards are 
significant factors in gas explosion. In gas explosion process, although shock wave does not generate higher overpressure 
relative to condensed explosive, the higher temperature exists at the far distance from the ignition. High temperature hazard 
from gas explosion involves farther area beyond original flammable gas area. Besides, the gas explosion in laneways 
releases a great deal of toxic and harmful gas products, which prevent people from fleeing. Gas explosion consumes a great 
deal of oxygen and cause asphyxia. The hazard characteristics from gas explosion in underground constructions should have 
more attention. 
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